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the quality of interpersonal communication and reinforce unpleasant behaviors. Consequently, despite
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ineffective information exchange, and/or lack of transparency. This scenario slows down the diffusion
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designed alongside the material practices of a financial advisory encounter, helps to improve important
service quality dimensions, making the services not only more pleasant for the participants, but also im-
proving key marketing and business metrics of the service. In experimental advisory services, the sessions
supported with LivePaper outperformed conventional services with regard to overall bank service quality
and satisfaction, salesperson listening and interaction rating scores, as well as information transparency.
This shows that a carefully designed system not only preserves the perceived quality of a service, but
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Modern information technology promises to improve service encounters through automated documentation 
or better decision traceability. At the same time, research suggests a negative impact of technology on hu-
man-to-human advisory services: including the possibility that computers might degrade the quality of in-
terpersonal communication and reinforce unpleasant behaviors. Consequently, despite obvious improve-
ments, information technology might have a negative impact on how the participants perceive the service. 
This might imply serious consequences for the service provider: dissatisfied clients, ineffective information 
exchange, and/or lack of transparency. This scenario slows down the diffusion of computers into advisory 
services in banks and insurance companies, and so designing systems for use in interpersonal services re-
mains a challenge. This article provides evidence that LivePaper, a system designed alongside the material 
practices of a financial advisory encounter, helps to improve important service quality dimensions, making 
the services not only more pleasant for the participants, but also improving key marketing and business 
metrics of the service. In experimental advisory services, the sessions supported with LivePaper outper-
formed conventional services with regard to overall bank service quality and satisfaction, salesperson lis-
tening and interaction rating scores, as well as information transparency. This shows that a carefully de-
signed system not only preserves the perceived quality of a service, but might improve it objectively, and 
has implications for the marketing and business value of the service.   
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1 INTRODUCTION 
Advisory service encounters are a form of institutional encounter between an advisor and an advisee ori-
ented toward collaborative search for the best solution to the advisee’s problem [41]. Traditionally, advisory 
service encounters have relied on face-to-face contact between two individuals, the advisor and the advisee, 
to allow for rapport, impression and trust building [20]. The advisors often use the pencil-selling approach, 
a direct-marketing technique which relies on hand-made drawings and calculations to visualize the key 
message and direct a client’s attention [20, 28, 62, 73]. However, expectations for advisory services grow 
continuously: regulators request better documentation and decision traceability [29], while the companies 
standardize advisory processes and want to link frontline services more effectively to their overall IT infra-
structure [57, 70]. Consequently, computers become more and more an element of advisory services and are 
likely to replace pencil selling soon.  
This digital transition bears potential, as information technology was shown to improve such aspects as 
transparency [58] and knowledge transfer [34]. However, even if carefully designed for supporting advisor-
advisee collaboration, computer software was also shown to disturb service interaction and induce ineffec-
tive behaviors, such that computer-supported encounters were considered worse than the ones using a pen-
cil and paper [33, 44, 61, 70]. This disruption lowers the value of a service to the client and can have dramatic 
consequences for the service provider, whose business relies on the quality of advisory services they provide. 
For many decision makers, it is therefore unclear whether investing in technology for use in advisory ser-
vices will bring an advantage or a disadvantage. By reporting on experimental evidence using various met-
rics from service science and marketing, and by explaining the results considering the collected qualitative 
data, this study shows how LivePaper, a system combining pencil selling with computing can improve a 
service encounter. This article complements previous research on LivePaper: whereas past research shows 
that LivePaper induces effective behaviors [15], this study provides evidence that the positive impact is re-
flected in measures relevant to the service providers.  
Companies like banks or insurance carriers are exposed to increasing competition not only among them-
selves, but also from new FinTech and InsureTech companies [83]. Especially in current times with ex-
tremely low or even negative interest rates, which has curbed price competition between service providers, 
banks explore alternative ways to attract clients and differentiate themselves from the competitors. Many 
banks possess a dense network of physical branches and trained advisors, which they see as an asset. They 
try to leverage this asset by offering better customer experience in their retail branches. However, the image 
of bank advisory services remains negative – since the 2008 financial crisis, many consider advisory services 
in banks untrustworthy and old-fashioned [6]. Modern technology has potential to help banks improve their 
advisory services and attract new clients. However, without any evidence that such technology offers an 
advantage in terms of marketing or business, many companies are reluctant to make adequate investments 
in it. Similarly, many advisors might be fearful of changes and oppose the introduction of new technologies 
[70]. This study addresses those concerns by pointing to a range of improvements that come along with the 
introduction of modern technology to the advisory services at a bank. According to the results, LivePaper-
supported encounters are enhancing the client’s overall perception of the service quality provided by the 
bank and make the client more satisfied and more likely to return to the same advisor. 
Computer-supported cooperative work (CSCW) and information systems (IS) research has approached 
various advisory services with prototypical systems. Among the addressed domains are financial service 
encounters [33, 34, 58], burglary prevention encounters [12, 18, 21, 31] and energy saving advice [30]. How-
ever, this research has focused on usability aspects [15, 36], interaction between the advisor and the advisee 
[23, 33], advisor’s work practices [18, 21, 30], and regulatory demands including transparency [58] or 
knowledge transfer [34]. Whereas those are important aspects and can potentially improve the overall qual-
ity of an encounter, it remains unclear whether and to what extent the proposed systems make improve-
ments which justify the expense and effort necessary to build a dedicated system for advisory services. 
Also, previous research prototypes, especially those for financial advice, ignored the complex meaning 
of material and spatial practices between an advisor and an advisee [20]. However, mixed-reality technolo-
gies such as tangible [85] and pen-and-paper [75] user interfaces offer ways to incorporate complex material 
practices into digital support for collaborative work. While the former makes it possible for the user to 
interact with digital information through the physical environment [40], the latter allows for “bridging the 
gap between both worlds by electronically capturing the interactions of a user with a pen and a real paper” [74]. 
LivePaper, which follows those design paradigms, was shown to effectively support the pencil-selling prac-
tices and to afford new practices compatible with the material rituals during an advisory service, such that 
the clients experienced the service as stimulating, enjoyable, and still pragmatic, a combination of high-tech 
and high-touch [15].  
This study adds to that research by indicating that LivePaper-supported encounters are likely to change 
a client’s perception of the service quality in various dimensions. This has essential implications for practice 
and research. Financial institutions receive the long-awaited evidence concerning the impact of information 
technology on high-level service quality metrics. Designers obtain a set of design principles to guide the 
00 
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development of effective support for frontline services. Researchers concerned with supporting advisory 
encounters benefit from a more holistic perspective on measuring the effectiveness of the systems inspired 
by marketing and service science. Also, researchers investigating the opportunities for tangible and pen-
and-paper interfaces receive insights about the niche topic of interpersonal services. This article reports on 
the evaluation of LivePaper in realistic mortgage advisory service sessions at a bank. The paper contributes 
towards answering the following research questions:  
(RQ1) How does LivePaper impact the client’s perception of the service? 
(RQ2) Which design elements of LivePaper are relevant to the perception of service quality? 
With reference to RQ1, this article explores the relationship between using LivePaper in an advisory service 
and the following measures describing the client’s perceptions of the service: interaction quality, infor-
mation transparency, and overall service quality. In doing so, the article attends to the following hypotheses 
developed in accordance with previous results and the theoretical underpinning of the design (see Section 
2.3 for details), and tests those hypotheses in an experimental setting:   
(H1) LivePaper will enhance client’s perception of the interaction between himself1 and the advisor. 
(H2) LivePaper will improve client’s perception of information transparency. 
(H3) LivePaper will enhance client’s overall perception of the service quality. 
With reference to RQ2, this article identifies design themes which potentially explain the relationship be-
tween using LivePaper and the measured impact. The identified themes originate from the qualitative data 
collected during the experiment and reflect the observations and opinions reported by the participants in 
the experiment. The study described in the current article forms a part of a larger research project embracing 
several iterations of the conceptualization, development, and evaluation of a mixed-reality system for use in 
financial advisory services with the intention of improving the provision of service. 
We follow the lines of constructive research through design [47, 84]: The study relies on a description of a 
real world issue and observations from the field, enriched with the relevant literature, to develop an adequate 
solution in the form of a collaborative technology. The system gets evaluated against the design objectives 
with use of acknowledged quantitative instruments and qualitative data. The design objective embraced 
using a computer-based system to simultaneously improve the client’s perception of service quality, while 
maintaining the interpersonal character of financial advisory services. We design for practices [67, 80] by 
considering the identified and described practices occurring in financial advisory services and by addressing 
the advisors’ rationale behind those practices [20]. We employ acknowledged and popular instruments to 
measure the changes with respect to the quality of advisory service and collect further opinions from the 
advisees and advisors. Overall, the study shows that LivePaper use in an advisory service positively impacts 
the client’s perception of the advisor, the service, and the service provider.  
2 RELATED WORK 
2.1 Advisory services and advisory practices 
Advisory services are a complex phenomenon. From the perspective of the participants, at the micro-level, 
they are an encounter between two individuals engaging in a collaborative interaction and information ex-
change [41]. From the perspective of the service provider, they are an offering that should attract clients to 
establish a lasting commercial relationship with the provider and to use the provider’s products [60, 72]. 
Whereas the former perspective is key to building effective systems for improving advisory services, the 
latter is important for service providers who consider investing in their advisory services.  
At the micro-level, advisory services are institutional encounters between an advisee and an advisor. In 
the past, they were framed as service transactions [41, 59] or collaborative problem solving [22, 63, 64, 68] – 
those perspectives were oriented toward the process of an advisory service encounter. However, recent 
studies acknowledge the practices and social rituals rather than the process as the foundation of successful 
advisory service [16, 18–21, 77], thus aligning with the research on institutional talk [26, 32]. This view 
sources from Schegloff’s [66] view of conversation as highly routinized achievement between two interloc-
utors, and Scollon’s [71] argument that practices are not only situated in the intermediate context of an 
action, but also in a broader, social context – a person’s actions embrace their general social, organizational, 
and political standing as well. For instance, it has been shown that bank advisors employ paper and pen in 
specific ways to influence what the advisee thinks of the advisor or the bank, i.e., they engage in impression 
management [20]. To that end, they employ pencil selling – a widely-spread direct-marketing technique 
 
 
1 In order to guarantee for the gender balance, while keeping the manuscript easy to read, the advisor is referred to as a 
female (she, her) and the advisee is referred to as a male (he, his, him),   
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involving the use of pen and paper as core tools during a service to transfer information and manage the 
client’s attention [28, 62, 73]. An advisor would rather engage in such material practices than overtly adver-
tise herself or her bank. However, impression management goes beyond the simple application of pencil 
selling: while pencil selling focuses on what is drawn or written on paper [28, 62, 73], advisors deliberately 
use the physical nature or positioning of paper as well [20]. Social rituals like adequate greeting, courtesy, 
or small talk, play an equally important role [15, 23] – advisory services rely on a shared understanding of 
social roles and scripts [27, 76]. This has implications for the design of information technology to be used in 
advisory services. Whereas the transaction or problem-solving view focused on how specific tasks should 
be addressed in a tool and in which order [44–46], the institutional talk perspective stresses the role of 
technology as a support for social interaction.  
Designing for social interaction is a difficult challenge. Reports on negative or double-edged effects of 
digital support on the interaction in advice-giving [19, 22, 44, 45, 70] dominate over those that show tech-
nology’s positive impact [12]. This holds true specifically for financial service encounters. Many prototypes 
were creating significant disturbance of the conversation [44], enforced ineffective and unnatural behaviors 
[46], impeded the relationship-building [33], or raised irrelevant questions [45]. Even though using a com-
puter has potential for streamlining the service process [57], enhancing knowledge transfer [34] and trans-
parency [58] by introducing a shared visual medium, the diffusion of computers in advisory services is slow 
and driven by banks’ management rather than frontline employees [70]. However, recent research in this 
domain paves a way for a new generation of systems for advisory services. Those systems acknowledge the 
role of social rituals and material practices by combining digital data processing and visualization with paper, 
pen and new tangible elements – such systems were shown to afford practices resembling the natural con-
duct in financial advisory services [15, 23]. In particular, LivePaper enables the combination of the high-
touch character of a financial advisory service with the advantages of high-tech processing and information 
visualization [15].  
While the effective combination of high tech and high touch is a very important and large step for the 
research concerned with technology in frontline services, it is not enough. Frontline personnel still lack 
evidence that using the system not only preserves useful practices or makes the service more enjoyable, but 
indeed improves the client’s perception of the interaction during an advisory service. Since the advisors are 
very cautious of what impression they make on the client and want to make sure that the client perceives 
them as trustworthy and organized, while at the same time a forthcoming and likeable person [20], they will 
use the system only if it offers a chance to improve in this regard.  
The macro-level perspective on advisory services deals with their business value. Financial institutions 
have offered individual advisory services for decades. They are mostly free of charge for the client and should 
attract his attention to specific products (loans, deposits, investment schemes) [59]. According to this per-
spective, advisory services are essential for marketing purposes. However, as opposed to other economy 
sectors and other marketing channels, financial advisory services are regulated and audited [60]. This control 
should guarantee that the client can trust his bank and his advisor. Since the 2008 crisis, many countries 
have implemented rules under which a bank might lose its banking license if it offers dubious or unreliable 
advisory services [50]. Consequently, banks are very careful concerning any changes in their advisory ser-
vices, especially in terms of technology [2]. At the same time, the competition among financial institutions 
forces them to improve their advisory services as a way to attract clients and get them to choose a product 
from the bank’s portfolio. It has been repeatedly shown that a client’s perception of bank service quality has 
a direct impact on the client’s intention to use products of that bank and to establish a long-lasting commer-
cial relationship with the bank [1, 78].  
Designing systems at the intersection of marketing and regulatory demands concerning information 
transfer, and the interpersonal character of an encounter is challenging. Earlier research has focused on the 
information transfer framed as as the client’s education [34] or transparency [58] and designed systems to 
help fulfill those requirements. However they were controversial in terms of marketing or generated issues 
concerning relationship building [33, 35]. Later on, research yielded systems that included notions from 
marketing, like customer orientation, and supported marketing activities like profiling [43]. However, they 
created severe problems around the interaction between the advisor and the advisee [45, 46].  
Generally speaking, the systems could not be shown to improve the overall satisfaction with the service 
nor were they shown to lower this satisfaction. Thus, including them in real advisory services would have 
been a risk [43]. LivePaper builds upon the insights from earlier research by providing visualizations for 
client education, thus addressing the regulatory requirements concerning information transfer, or by intro-
ducing personal content into the conversation, thus enabling marketing activities (cf. Section 3.1). This in-
novation has been shown to stimulate the client and enhance the information flow [15]. LivePaper adds to 
that by considering the interpersonal character of the encounter and enabling practices related to the inter-
personal relationship [15]. However, previous research makes clear that improving the interpersonal rela-
tionship in isolation from other important aspects does not suffice to enhance client satisfaction either [4, 
81]. Consequently, it remains an open question whether LivePaper’s support for the combination of infor-
mation transfer, marketing and relationship activities suffices to make the client more satisfied overall with 
the quality of the advisory service provided by the bank.  
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2.2 Interfaces between the physical and digital world in advisory services 
Computer science, especially human-computer interaction (HCI), has studied ways of enabling natural in-
teraction with computers. This research promises to combine material practices with powers of a computer. 
The relevant efforts flow into a range of mixed-reality discourses: Augmented reality (AR) studies how to 
overlay physical spaces with computer-generated content [5, 7]; spatial AR projects directly into the envi-
ronment of the user [8]. Organic user interfaces (OUI) focus on using non-planar spaces that function as 
means of input and output, such that a user can interact with them through bending, folding, and manipu-
lating the form – this includes using paper as display [37, 38]. Tangible user interfaces (TUI) focus on ena-
bling interaction, manipulation, and collaboration [69] with digital content through physical objects and 
space [40, 85]. Finally, pen-and-paper user interfaces (PPUI) bridge the gap between digital interaction and 
the paper [49, 74, 75]. All those tools share a focus on expanding one’s experience of the physical world with 
digital content and functionalities. To a certain extent, they want to turn the user’s focus and attention away 
from the computer and back to the physical world, thus allowing for calm design [79], in which the technol-
ogy provides information or enhances the experience, but does not compete for the user’s attention and 
stays in the periphery until needed. Each discourse offers numerous ideas on how a support system for an 
advisory service could be designed and what it would look like. LivePaper uses concepts from spatial AR 
and OUI to allow for use of paper as a shared medium and table as a projection space, employs insights from 
PPUI to provide a pen as an input device, and drives inspiration from TUI to introduce further tangible 
elements for interaction with the system.   
Mixed reality solutions have been employed in a wide range of domains to offer the user new forms of 
experiences. There is a wide range of playful applications involving single und multi-player games using 
this paradigm to enable more immersive experiences [3]. Some applications leverage mixed realty for serious 
gaming and gamification of training, which combines cognitive and physical interaction [39]. Nevertheless, 
there is also a range of professional applications based on mixed reality used, among other fields, in archi-
tecture, marketing and education [7]. In the context of architecture and design, augmented reality solutions 
are employed to make models of buildings easier to experience and evaluate; in marketing, mixed reality 
solutions are used to enhance the customer experience by integrating specific effects into brick-and-mortar 
stores or by allowing the client to try on clothes virtually [7, 9]. Finally, in education and training, mixed 
reality allows for multidimensional and interactive representation of complex phenomena [13, 42, 69] and 
for representation of complex processes [14, 51]. Multiple studies show that applications using mixed reality 
make teaching more effective and engaging [42]. In particular, mixed reality allows for representation of 
and interaction with otherwise invisible or hard-to-grasp elements (e.g., forces in physics classes) [42]. Sim-
ilar concepts could be employed in financial advisory services to educate the client about complex bank 
products or monetary relationships.    
Despite the ongoing diffusion and potential, the use of mixed-reality in co-located frontline services like 
advisory encounters remains limited. However, we claim that mixed reality also can be used to address 
another problem in professional services: the accountability and understandability of action. In an advisory 
service, the activities of one party, the advisor, need to be accountable to the other party, the advisee, such 
that the action can be properly interpreted within the proper context [24]. Otherwise what the advisor does 
with the provided information and why will be obscured from the client [58]. Inability to interpret an action 
will lead to irritating misinterpretations which require attention to get resolved [45]. For instance, if an 
advisor needed to tap three times to launch a specific computation (even if this interaction seems easy), the 
advisee could end up focusing more on resolving the meaning of the interaction rather than on the content 
[24, 25]. Accountability supports the advisee in understanding the content itself: with natural and visible 
data manipulation techniques, the advisee is more likely to understand the impact of specific actions on the 
financial situation or its representation [34]. However, the meaning of the actions is understandable only in 
the context of the interaction. The context of an advisory service consists of the physical environment (e.g., 
light, professionally looking rooms and furniture), tools used throughout the service (e.g., paper, pen, calcu-
lator), and social rituals and scripts typical for institutional talk (cf. Section 2.1). Advisees interpret visible 
actions in light of a set of shared expectations concerning the context [17]. The various mixed-reality ap-
proaches make it possible to preserve the tools and environment typical for an advisory service in a bank 
[74]. LivePaper leverages those insights by using tangible manipulation and visualizations for accountable 
actions, while simultaneously preserving the context.  
Mixed reality discourse offers approaches with great potential to fit the context of service encounters. It 
provides ways to keep the existing material practices largely unchanged; it provides ways to make the advi-
sor’s actions more accountable to the client than standard user interfaces are. Nevertheless, mixed reality 
has not been deployed yet in professional advisory services at a large scale. One reason might be that it is 
simply unknown how the clients will react to this sort of computing: in particular, financial service providers 
are very cautious not to introduce innovations which may disturb their relations with the client. In short, 
they lack evidence for the positive impact of mixed-reality systems on the client’s satisfaction with the ser-
vice. This article tries to close this gap and pave the way for a broader use of mixed-reality UI in advisory 
services.     
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2.3  Research Hypotheses 
The developed hypotheses consider the past results concerning the impact of LivePaper on the encounters 
as well as more general discourses on the support of advisory services and on the impact of mixed-reality 
on collaboration. Previous research has shown that LivePaper facilitates specific social rituals like greeting 
and welcoming [23] or introduction of a new topic into an ongoing conversation [15] and extends them to 
the material and physical space [15, 23]. Additionally, the research on social rituals suggests that engaging 
in a ritual has a positive impact on the sense of cohesion among the participants and the physical dimension 
intensifies the ritual [11]. Based on this research, we hypothesize that (H1) LivePaper will enhance client’s 
perception of the interaction between himself and the advisor.  
The research on information transfer in collaboration, and specifically in service encounters, indicates 
that a successful cooperation requires the action of one party to be understandable to the other party [24, 
25, 58]. Systems for advisory services without specific support for such awareness were shown to confuse 
the client and disturb the service [45, 46], whereas those improving transparency had a positive impact on 
the overall client’s satisfaction [58]. Also, literature on client education in advisory services suggests that 
facilitating a multisensory experience, rather than using abstract explanations or examples, helps clients 
understand financial matters significantly better and likewise, to understand the actions and explanations 
of the advisor better, as well [34, 35]. Mixed reality has been employed in educational contexts, where it was 
shown to improve the understandability of abstract concepts by providing dynamic and tangible interactions 
[7]. LivePaper combines the potential of mixed reality with earlier design guidance on information trans-
parency and on the role of experience in client education [15], which lets us hypothesize that (H2) LivePaper 
will improve the client’s perception of information transparency. 
The research on technology support for financial advisory services teaches us that addressing infor-
mation transfer (client education, transparency) or marketing (profiling, cross-selling) aspects of an advisory 
service in isolation does not suffice to improve the client’s satisfaction with service quality [35, 45, 58]. It 
also points to the relationship and relationship building as the third aspect that impacts overall satisfaction 
[33], but makes clear that focusing on relationship only does not suffice either [4, 81]. LivePaper was shown 
previously to enable marketing activities and thereby stimulate the client as well as improving their identi-
fication with the service [15]. Additionally, the current paper claims that LivePaper enhances information 
transfer (H2) and enhances the relationship between the advisor and the advisee (H1). Given that LivePaper’s 
design addresses the combination of information transfer, marketing, and relationship aspects, we hypoth-
esize that (H3) LivePaper will enhance client’s overall perception of the service quality. 
3 DESIGN AND EVALUATION 
3.1 LivePaper 
This study was conducted as part of a larger research project involving researchers from two universities 
and a local bank. The project aimed at designing a system, LivePaper, to help the local bank improve their 
advisory services. Conventional advisory services are sub-efficient: they require extensive pre- and post-
processing to produce adequate documentation and they involve extensive manual calculations during the 
provision of service if the advisee deviates from the scenario prepared by the advisor. Their effectiveness 
relies strongly on the relationship and quality of conversation between the advisor and the advisee, which 
may decrease if the advisor must make many calculations during the encounter or cannot rely on the pre-
pared material. The financial advisory services, which involve using a traditional computer and a shared 
screen, are sub-effective because the computer disturbs the rapport building and natural conversation. Con-
sequently, the design objective in the project was to connect the interpersonal character of a conventional 
mortgage advisory service encounter with the functionalities of a computer (e.g., quick calculations, dynamic 
visualizations, and seamless documentation). This particular study was conducted to analyze the impact of 
LivePaper on the client’s perception of the service according to the interest of the service provider (satisfac-
tion, interaction quality, transparency).   
Existing advisory practices involve extensive and diverse use of paper and printed materials positioned 
on a table between the advisor and the advisee [20]. LivePaper [15] keeps pen-and-paper as the basic inter-
action material: the medium which has been used for interaction between the advisor and the advisee 
(through writing and gestures) gets augmented in a way that complements existing tools with computer-
generated visualizations. LivePaper supports behaviors involved in use and manipulation of sheets of paper 
in a way that allows for input and output to and from the digital backend.  
To allow for output of digital content to paper, the system uses projection, with the Optoma UHD60 4K 
projector positioned above a table. There are two channels of input: (1) position, size, movement and rotation 
of the paper and a paper pad, as well as the position of the participants’ hands through a Microsoft Kinect 
sensor mounted next to the projector; and (2) handwriting and drawings on the paper are captured by the 
Wacom Bamboo Slate and then processed with a handwriting recognition module from Microsoft to identify 
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text. Inputs from the infrared camera are interpreted by the system to identify the actions of the users 
(changing position, choosing a projected item by clicking). Recognized text input gets digitalized, and as 
soon as the system recognizes a specific code word, the subsequent content gets stored as a value of a prede-
fined variable (e.g., net assets). The current list of code words mirrors the advisors’ shortcuts used during 
conventional advisory services (e.g., “EM” for Eigenmittel, German for net assets). Other inputs from the pad 
are stored as unformatted text and are not processed by the system anymore; of course, they also stay on 
the paper in form of ink. Fig. 1. lists the core ideas behind the design of LivePaper and Fig. 2. features scenes 
of LivePaper in use. Overall, the system offers means that reflect the interaction material from traditional 
encounters – it affords practices and rituals typical for the interaction in financial advisory services.  
  
Fig. 1. The overview of interaction means included in LivePaper for mortgage advisory services [15] 
Using this infrastructure, the advisor can engage in all behaviors typical for conventional advisory ser-
vices: she can put several sheets of paper next to each other to compare their content; she can put the sheets 
of paper on a pile to return to them later; she can take notes and draw like she is used to doing; and she can 
position, re-position and turn sheets of paper [20]. However, those behaviors can be digitally enhanced: 
thanks to the marked paper and projection, the sheets of paper can be used for projection of digital content 
(dynamic visualization of loan-to-value ratio, affordability, and composition of a loan), she would otherwise 
tediously draw and calculate. Like in a conventional session, the content is linked to a particular piece of 
paper; the system remembers which content was projected on which sheet of paper, such that the paper can 
be moved off the table, put on a pile, or turned upside down, but as soon as the system recognizes it, the 
content returns too. By withdrawing a sheet of paper from the table, the advisor can clean up the space and 
conduct the encounter in an orderly manner. Overall, LivePaper supports typical advisory-services behaviors 
and adds features that bridge the physical practice and digital representations by adding digital overlay or 
by analyzing analog input (writing, moving, turning, pointing to select).  
However, LivePaper goes beyond known practices and offers additional ways for interacting with the 
system, which were not possible in the conventional setting. Those new functionalities enter the interaction 
as “tokens” – small, 3D control units, adapted to fit mortgage advice services. A house can be positioned on 
the table to open a projection of the map showing the location of the property the advisee is going to buy 
with the mortgage. Adding a chip to a mortgage changes the composition of the loan, such that the advisor 
can combine fixed-rate and flexible-rate mortgages by adding and removing chips, thus visualizing this pro-
cedure to the advisee. Finally, relevant numbers can be adjusted easily with a dial for simulation purposes. 
For instance, if the advisee wants to check an alternative scenario that involves reduced net assets, monthly 
income, or growing interest rates – the output variables such as affordability, loan-to-value ratio, etc. adapt 
automatically. Consequently, LivePaper affords additional, new practices consistent with the rationale be-
hind advisors’ existing material practices.  
Overall, LivePaper combines several mixed-reality paradigms. The system augments real spaces and ob-
jects (table, sheets of paper) with digital content such as that found in spatial AR [5, 7, 8]. The augmented 
visualization is extended through interactive elements: the user can use their fingers for ‘touch’ input (e.g., 
selecting values to be manipulated) on the paper also that can be bent and re-positioned (cf. OUI [37, 38]). 
All sheets of paper can be used for inking, and writing on a paper positioned on the pad even gets recognized 
and digitalized; both participants can place any other piece of paper on the table without causing unintended 
interaction with the system. This enables the usual application of paper and pen during the advisory service, 
as well as interaction with the system via paper when intended (cf. PPUI [49, 74, 75]). Tangibles extend the 
interaction possibilities beyond the pen and paper and enable novel interactions in advisory services: rotat-
ing a dial changes selected mortgage values, tranches of a mortgage are represented as chips, and a small 
The house token opens a neighborhood map; it helps 
the advisor initiate discussions about the property, 
which is a sentimental topic. 
Inserting data via handwriting on a paper block with a 
conventional-looking pen should prevent unnecessary 
breaks when taking notes. 
The dial token allows for ad-hoc value manipulation 
and graphics adjustment helps illustrating the depend-
encies among aspects of a mortgage and provide simu-
lation of various scenarios.  
The graphics of affordability, loan-to-value ratio or 
loan composition adjust dynamically and are linked 
with tokens and inputs. 
Positioning, rotating or moving paper the usual way 
allows for replicating conventional advisory practices. 
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house represents the property (those interactions follow the lines of TUI [40, 69, 85]). In LivePaper, a sheet 
of paper can simultaneously serve as a projection space, a touch interface and a space for ink input, while 
remaining a tangible and spatial resource that can be freely repositioned, as well as moved away from the 
active interaction zone on the table. This allows for bridging between the digital and analog world via paper 
[48, 49]. 
  
Fig. 2. The system in use during an advisory service: Left: side view. Right: top view [15]  
3.2 Evaluation design 
The LivePaper was instantiated with all features presented above to support mortgage advice services at a 
regional, Swiss bank with 13 branches and approximately 400 employees, who serve an area inhabited by 
about 600,000 people. In the remainder of this paper, we refer to this bank as MoBa (mortgage bank). Two 
members of MoBa’s management body joined the project steering committee, consisting of four senior re-
searchers from two Swiss universities. Additionally, MoBa’s advisors provided regular feedback during 
workshops and formative tests concerning the system’s usability and formal, content or calculation issues.  
The evaluation, providing results for the current study, tested the first functional version of LivePaper. 
This evaluation was conducted in a MoBa branch in January and February 2017 and was arranged as a 
within-subject design experiment [53]. We compare LivePaper services against conventional advisory ser-
vices, where no or only very limited technology is used (e.g., calculator). Choosing a conventional setting as 
a baseline has the following rationale: first, prototypes for financial advisory services depicted and evaluated 
in past research often had a negative impact on service quality [44, 46] or had no significant influence [34]. 
Therefore, we chose a baseline that is potentially harder to beat. Second, the conventional setting reflects 
the advisors’ current work practice, thus giving the client the chance to compare settings with an interven-
tion (LivePaper) and without it. Finally, an alternative experimental design, in which LivePaper is tested 
against another system for financial advisory services, would require training the advisors for use of the 
alternative system as well, thus involving more resources. Comparison against the conventional service al-
lowed us to identify themes relevant to the design of technology for advisory service support.  
Each subject passed through a conventional and a LivePaper-supported advisory service. They experi-
enced the system in the intended use scenario, i.e., during a mortgage advisory service between a potential 
client and a professional bank advisor and could compare it to the conventional situation. This enabled an 
understanding of the positive and negative impacts of LivePaper on the advisory service. Six selected advi-
sors, other than those who participated in the development process, were chosen for this evaluation. They 
received a half-day of training on the usage of LivePaper – during the training they learned about the system 
functionalities and simulated an advisory service with a colleague. A few days later, during the evaluation, 
each advisor advised three different test clients while providing one conventional and one LivePaper advi-
sory service to each of them. To balance out the order effects, we varied the arrangement of treatments. The 
18 test persons acting as advisees were recruited through advertisement on the official website of the uni-
versity, available to the broader public and linked with social media. They were offered a compensation of 
60 CHF (approx. 60 USD) for 2.5 hours. On average, the subjects acting as advisees were 27.5 years old, with 
the youngest participant aged 20 and the oldest one - 49. Their professions included, among others: shop 
assistant, nursery teacher, designer, and veterinarian assistant; 7 participants were students from various 
fields and universities. All declared an interest in the topic because they considered buying a property or 
have experience with mortgages. They were provided a rough handout including information on their test 
financial situation, on the property they pretend to buy, and a few questions often asked by advisees in real 
sessions. However, the advisees and the advisors were free to proceed any way they wanted during the 
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encounter – some conversations deviated from the handout depending on the content. Fig. 3. illustrates the 
evaluation design.  
 
Fig. 3. Experiment procedures from advisors’ and clients’ perspectives  
with data collection and analysis activities during and after the experiment  
During the experiment we employed various measures to assess the impact of LivePaper as perceived by 
the client. We chose measurements to reflect the hypotheses listed in Section 2. To assess the impact of 
LivePaper on the interaction between the client and the advisor, we employ two instruments: (1) Previous 
research has attributed disturbed communication to technology used in advisory services. Given the im-
portance of interpersonal conduct in service encounters, understanding whether LivePaper impacts the cli-
ent’s judgment of the interaction’s conduct was core. To assess whether the participants enjoyed the con-
versation and what their comfort level was during the service, we employed the interaction rating quality 
(IRQ, [55]). It was originally developed in the context of linguistic studies to measure whether the partici-
pants experienced a particularly engaging interaction with the opposite party and whether they “clicked” 
with each other. It consists of items measuring, primarily, the subjective sense of relationship to the conver-
sation participant. (2) Past research pointed to the fact that technology might reduce the responsiveness of 
the advisor and generate the impression that she would not listen to the client [44]. To measure explicitly 
this aspect, we use the salesperson listening scale (SL, [65]) consisting of six subscales addressing sensing, 
evaluating, responding, trust, satisfaction, and anticipation of future interaction. (Does the client intend to 
contact the same advisor again?) The scale was developed in a rigid process and has been widely used, 
primarily in marketing research (over 500 citations). While IRQ measures the general impression of the 
interaction, SL focuses strongly on how well the advisor reacts to the interaction from the client. If a bank 
can use LivePaper to improve interaction between the advisor and the advisee, it can reduce the risk of 
misunderstandings and give the client the feeling of being listened to. 
To assess the impact of LivePaper on the client’s overall satisfaction with the service, we employ two 
instruments: (1) Advisors define a satisfied client as an ultimate goal of their job [20], but often lack feedback 
on how they can achieve it. Consequently, measuring the impact of tools used in an advisory service on the 
overall satisfaction of the client is an important signal for the advisor who might be lacking confidence in 
interaction with technology. We measured client satisfaction with a measurement developed in accordance 
with yield shift theory (YST, [10]). YST relies on the assumption that a positive shift towards the achievement 
of a goal produces a positive satisfaction response. YST has been used in over 50 studies, mainly in infor-
mation systems research. (2) For the banks, it is important to understand the impact of a system on the 
perception of service quality overall. Bank service quality (BSQ, [1]) is an instrument developed in a rigid 
scale development study and is intended to capture all aspects relevant to service quality of a bank. It has 
been used in ~ 100 studies around the world. The instrument was developed in alignment with SERVQUAL, 
the most popular service quality measure. BSQ measures over 30 items and addresses such aspects of finan-
cial services as systemization, responsiveness and communication. If a bank can use LivePaper to make the 
client more satisfied with its service, they can expect better word-of-mouth marketing and higher retention 
rates for clients. 
Finally, we assess the impact of LivePaper on the information transparency (InfT) by using a single in-
strument proposed earlier for application in the context of financial services [58]. Information transparency 
has been identified as a core aspect of financial services and TUI/PPUI solutions promise to enhance infor-
mation transfer in collaborative settings. The instrument used in the current study consists of three items 
using a 5-point Likert scale and asks the client about his understanding of how the data collected from him 
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relates to the data provided by the advisor. If a bank can show that they use a system which enhances 
transparency, it can demonstrate that it makes improvements to comply with  regulatory demands.  
Even though the study focuses on the experiences of the clients and how they perceive LivePaper’s im-
pact on advisory services, we also asked the advisors to provide their assessment of satisfaction (YST, [10]) 
and of the interaction with the client (IRQ, [55]). Each advisor completed the survey after each session, such 
that we obtained 36 measurements for each construct – 18 regarding conventional and 18 regarding LivePa-
per treatments.  
In addition to the questionnaire-based measurements, the subjects participated in an interview after the 
last treatment. That is, the clients participated in an interview after the second treatment and the advisors 
participated in an interview after conducting six advisory services with three different clients. The inter-
views with the advisees took ~ 30 minutes and the ones with advisors ~ 60 minutes. The interviews were 
structured around the experiences of the participants (most enjoyable and least enjoyable episode from the 
advisory services), as well as the overall impression of the advisory service and its phases. All interviews 
were transcribed by an external transcription service according to the intelligent verbatim standard. The 
transcribed interviews were coded by the first author under regular supervision from the last author accord-
ing to the bottom-up, iterative procedure. In particular, the first round of coding focused on the identification 
of the most prominent differences between the conventional and LivePaper services as perceived by the 
interviewee. Often the interviewees were directly describing an episode in one of the treatments and pointed 
out the lack of a comparable episode in the other treatment. In the second round of coding, the focus was on 
which of those differences relate to what design decisions. The goal was to identify themes that describe the 
impact of information technology on advisory services. Overall, the design experiment evaluated LivePaper 
in a realistic scenario while collecting multiple measures concerned with the impact of LivePaper on the 
quality of  service. 
4 RESULTS 
4.1 Feedback from advisees 
Advisees’ feedback shows LivePaper-supported services perform significantly better than conventional ones 
on most of the measured dimensions. The general satisfaction (YST) and BSQ (Fig. 4) show enhancement of 
the perception of general service quality (H3). Improved InfT (Fig. 4) confirms that LivePaper indeed im-
proves information transparency (H2). IRQ and SL (Fig. 4) illustrate improvement regarding the interaction 
between the advisee and the advisor (H1), even though not all SL scales show a significant difference: while 
satisfaction and anticipation are significantly better in the LivePaper setting, other dimensions of SL (sens-
ing, evaluating, responding and trust) remain stable between conditions - this is consistent, as most relevant 
advisor behaviors do not change between the settings. Table 1 provides an overview of the conducted sig-
nificance tests for the measures with significant differences between the treatments. 
Table 1. Summary of significance test results for the selected measurement instruments. Differences with 
strong significance (p<0.01 in a two-tailed, paired t-test) are marked in bold.  
Measurement (points on Likert scale) LivePaper - Mean Conventional - Mean Increase by t(17) p (two-tailed, paired) 
Satisfaction, YST (5) 4.44 3.89 14% 3.01 0.008 
Information Transparency, InfT (5) 4.52 4.20 8% 2.52 0.022 
Bank Service Quality, BSQ (7) 6.05 5.46 11% 5.03 0.000 
Interaction Rating Quality, IRQ (5) 4.19 3.96 6% 2.29 0.035 
Salesperson Listening - Satisfaction (7) 6.50 5.93 10% 4.56 0.000 
Salesperson Listening - Anticipation (7) 6.43 6.02 7% 2.08 0.050 
 
In the interviews, the advisees relate their assessment to several themes. A central and returning theme 
is the comprehensive character of LivePaper advisory services. The collected opinions attribute the better 
understanding to the illustrations provided with the LivePaper, but also to the fact that they can be dynam-
ically adjusted, for instance, with the dial (called “screw” by some advisees). The gestures involved in adjust-
ing the values support the comprehensive character of the services and encourage the clients to ask ques-
tions: “[I liked] both, the presentation, but also the dynamics, because he was able to turn the screw directly, and 
then the graphics have adapted accordingly. That's just better to be understood than as if someone, let's say, 
makes arrows on the sheet of paper (…) It is easier to understand. (...) One just had a better overview and could 
track the connections between things, how they affect each other. I also had the heart to ask how it would change 
with 80% of income, because he would not have to enter everything again” (Client 17). Dynamic visualizations 
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in combination with the tokens was identified as a significant design aspect contributing to the understand-
ing of complex financial matters and transparency. In fact, visualization and understanding were the two 
codes most often identified in the interviews and there was a strong overlap between the two aspects. 
   
Fig. 4. Average advisees’ assessment of the advisory settings for the selected measurement instruments 
(blue – LivePaper, yellow – conventional, error bars: 95% CI). Max and min values are given on the y-axis. 
Advisees also preferred the closure phase of the service, when the advisor summarizes the encounter, to 
be conducted with LivePaper: “It’s easier. You just see a little structure, so on the side, you see now the data 
about my person, and about the house that I want to buy, and about my person and income, and then the 
portability is calculated (…) then the compilation of everything” (Client 10). They acknowledged the fact that 
the clear structure supports orientation throughout the encounter, but did not have the feeling that they are 
forced to follow this structure: “[Interviewer: How about structuring the encounter?] [Interviewee:] Yes, that 
was more the case with LivePaper because he had those points. First with the mortgages and then with the 
mortgage mix. (…) With the paper, so in the normal consultation, it was not clear to me at which point we are. 
I did not know: Is this mix coming or not? And then, as he continued, I thought, Okay - probably not. But with 
LivePaper, I've seen that something is coming. I found that better with live papers. [Interviewer: Did you have 
the feeling that you have to follow a structure?] [Interviewee:] It did not seem to me directly predetermined” 
(Client 15). The clients value the clear and comprehensible structure of the service with LivePaper introduced 
by the comprehensible cutover points signalled by changing the sheets of paper.  
Apart from LivePaper’s potential for making the interaction clearer and more welcoming, advisees 
acknowledge that introducing side topics through design, e.g., location of the property, eased the atmosphere 
and made the interaction more enjoyable: “In the first, conventional conversation the property was just there. 
In the second conversation it was nice to see: ‘Ah the real estate is there.’, I had already seen it. (…) He said: 
‘Look, Mr. Weber, here is your object, that is your neighborhood’ – he showed interest and we could discuss it”. 
Many advisees confirm that discussing the property made them feel that the actual, human reason for having 
the encounter moved into focus. However, some advisees miss a better link to the overall goal of the en-
counter: “I thought it was nice as a start. Well, I liked that he was interested in where it is. It would be a good 
start. But, if it had a connection to the rest of the conversation, it might be better” (Client 16). By using tokens 
with sentimental value to the client, LivePaper helped the advisor make an impression on the client and 
entice him, but some clients are cautious and wary of subliminal influence.  
Advisees also noticed that LivePaper turns back the advisor’s attention to the advisee and the communi-
cation: “When he was using the calculator and his sheets, and was about to work something out, I knew, I 
probably could not talk to him at that moment. When he was using the LivePaper, he had the same basis as me. 
He did not have to concentrate on the inputs, but he knew that he can adjust the numbers and the system calcu-
lates for him. It gives him the opportunity to explain what is happening (…) and talk to me” (Client 16). The 
natural input, explicitly pen input, combined with the background calculation was identified by many in-
formants as an improvement compared to conventional service, in which the advisor used calculators or a 
spreadsheet application.   
Given the positive reception of LivePaper, we tried to get the advisees to reflect on whether a tool like 
this may be used to fool a potential customer. Most advisees argued against this risk: “I think as a customer, 
I'm already aware that the consultant wants to hear my interests, but primarily he actually stands for the bank 
(…) Well, the customer has a great deal of responsibility for what he wants and how he wants it. (…) With 
LivePaper, I think you could adjust everything, and you could simulate different scenarios and it was better 
there, clearer. And you have the numbers all in front of you and so you felt more confident, because you had 
everything in front of you, with simulations and you could compare. And in the conventional case, it was, maybe, 
a maximum of 20 words or just with the numbers there. And yes, that was just too little to somehow create the 
same confidence as in the LivePaper” (Client 11). Overall, the advisees see the advantages of LivePaper for 
better understanding and transparency, clearer but non-enforced structuring of the encounter, joyful or en-
gaging elements, and better contact with the advisor. They attribute those advantages to visualizations and 
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4.2 Feedback from advisors 
Advisors’ feedback is not as enthusiastic as that from advisees. Measures do not provide significant results 
and means differ by less than 0.1 on a 5-point Likert scale. Accordingly, the measure of satisfaction remains 
stable, on the rather high level (YST: 4.30 for LivePaper vs. 4.23 for conventional). The IRQ does not yield 
significant differences either (3.93 vs. 4.03 from 5). Nevertheless, when asked which of the advisory settings 
they would prefer, four advisors clearly prefer LivePaper and only two are indifferent; none of them chooses 
the conventional advisory service. Overall, advisors primarily see LivePaper’s potential for addressing ad-
visees’ feelings as an essential element in high-touch services, but do not notice differences going beyond 
that.  
The general tone sees LivePaper as helpful if it comes to structuring the encounter, but the structure 
should be adequate, so that the advisors can identify with it: “I think there is a clear thread through the 
encounter [with LivePaper]. In classical services, you have more breaks and, depending on how you designed it, 
the clear thread is not always recognizable. By contrast, with LivePaper, the structure is clearly recognizable. 
Which property is it? (…) And then you come to the different models you can show. But you are more tied to the 
process. In the classic model, on the other hand, you are more flexible. (…) It is not like I felt forced to follow this 
process. I did not feel urged. I think that LivePaper offers a clearer structure, especially in the end. Beautifully 
targeted, chop-chop-chop. I did not have to pretend (…) it felt natural to me” (Advisor 4). Most advisors refer 
to the structuring theme and see LivePaper as helpful, but they also require the structure to be flexible 
enough to accommodate their specific practices.  
Additionally, the advisors value the opportunity to address directly the personally meaningful and sen-
timental content with LivePaper: “In trainings, one gets taught to focus on emotions. (…) [The house token] is 
a good start, because, in my opinion, your [client’s] thoughts are with the house at that moment. With LivePaper 
you can better imagine it and everything. If you just start talking and messing around with numbers, that's 
certainly not a pleasant start, as if you visualized it” (Advisor 6). The advisors like the idea of using meaningful 
tokens to engage better with content that is important to the client. However, the advisors are also aware 
that impression management, i.e., influencing what the client thinks about the advisor herself or about the 
bank, remains an issue with LivePaper too; they stress that making the right impression might become even 
more important, because the client’s attention is divided between the system and the advisor, thus leaving 
less time for impression management: “I think, if you use the system, the first impression of the consultant is 
even more important than if you make it the conventional way. Because the client focuses already more on the 
system than on the advisor herself. So, if he’s focused on her, this moment gets just more important. Yes… but I 
think it can also be cool” (Advisor 1). Overall, advisors explain their assessment against the backdrop of their 
daily practice rather than as a standalone experience and acknowledge LivePaper’s positive impact on the 
interaction.   
Analysis of the interviews makes clear that the advisors try to assess the potential of LivePaper against 
their practice experience, thus providing a differentiated picture. An advisor makes clear that she needs her 
freedom to choose the right advisory service tools: “I think, the new consultation with the LivePaper – so, I 
really loved it and as I said, I'm open to it, if it generates added value. It felt very well. Sure, one will always 
have handling issues at the beginning. That takes a few times until one is well versed in it. But I think if you 
have a target, it can be a good thing. It also depends on who you are sitting in front of you, if you have an Italian 
customer, or one of a different nationality, or even German, then it will be difficult. Then, I need the freedom of 
switching to the classic version” (Advisor 4). This statement suggests that advisors fear reduction of their 
freedom if new systems get introduced. While this is not entirely a design issue, this theme is relevant for 
the designers of the systems for advisory services. LivePaper tries to accommodate it by using the standard 
wooden table and the standard sitting position – if the advisor decides to conduct the advisory service the 
conventional way, the client will likely not even notice that there is technology in the room.  
5 DISCUSSION 
The results show the impact of LivePaper on advisory service quality: LivePaper outperforms conventional 
advisory service with regard to a client’s perception of the service quality (H3), client’s perception of the 
interaction with the advisor (H1), and client’s perception of information transparency (H2). Some improve-
ments exceed 10%. This suggests that LivePaper is an effective instrument for enhancing the value of advi-
sory services. The analysis of the interviews unveils why this is the case: First, there are specific elements of 
the design pointed out by the informants and presented below in form of design themes. Second, LivePaper 
leverages existing practices and rituals rather than trying to change them. The following section discusses 
both aspects of LivePaper’s positive impact.  
5.1 Key design themes for improving services 
With regard to the interpersonal character of the service encounter, the evaluation results demonstrate that 
information technology does not have to disturb the interaction between the interlocutors or de-humanize 
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the encounter, as it was suggested in past research [43, 44, 46]. On the contrary, LivePaper contributes to 
the advisee’s satisfaction with the interaction while enhancing the perceived service quality as well. This 
sets this study apart from previous efforts to support advisory encounters, in which the interaction suffered 
from the presence of a tool [33, 44, 70], despite the fact that the tools used in the past were providing a 
shared screen [33, 46], enhanced lower level aspects as knowledge transfer [34] or transparency [58]. The 
informants identify multiple aspects of the design that differentiate LivePaper from conventional advisory 
service and they assess their contribution towards service quality improvement. Table 2 summarizes the 
design themes identified as most important for improving the service experience while linking them to the 
previous studies from the mixed reality and advisory services domains.  
Table 2. Design themes relevant for supporting service interaction along with inspiration  
from mixed reality research and previous literature on supporting advisory services  
LivePaper Design Themes 
Related themes in  
Mixed Reality 
Related themes in 
Advisory Services 
1 (Visualize): Introduce dynamic visualizations of relevant 
matters in form of graphs and diagrams to support under-
standing and transparency.  
Tangibles for learning 
[52, 69] and connecting 
information [48, 49] 
Transparent advice via 
visualization [58] and 
value manipulation [34] 
2 (Structure): Support conventional paper handling to allow 
for clear cut points between activities.  
Paper windows [38] 
Spatial AR [8] 
Paper practices for struc-
turing the process [20] 
3 (Entice): Introduce tokens with sentimental value to in-
clude personal topics in conversation and impress the client.  
Tangibles for fun [82] 
and joint focus [69]  
Increasing joy via per-
sonal content [56] 
4 (Write and Speak): Support natural (pen) input to prevent 
disturbing effects of typing on the flow of the dialogue.   
Pen-and-paper user in-
terfaces [74, 75] 
Disturbing advisory flow 
when typing [44] 
 
The fact that service encounter interaction relies on standard material like paper has implications for 
designing appropriate systems. Most people expect an advisor who takes notes and listens carefully, and 
LivePaper can provide this experience. It includes pen and paper, i.e., tools frequently used in advisory ser-
vices. Natural, expected interaction allows for turning the advisor’s attention to the content and away from 
the technology itself. Past systems for advisory services struggled with software and/or hardware receiving 
too much attention or significantly changing the interaction between the advisor and the advisee [44–46, 
70]. Following the lines of calm design [79] allowed for pushing the system away from focus. It gets noticed 
by clients, however, and they attribute the better dialogue to the natural input mechanisms in combination 
with calculations in the background. Previous designs using pen-and-paper user interfaces [74, 75] produced 
similar effects in domains other than service interaction. We claim that affording natural input methods 
contributes to reducing the cognitive load on the advisor’s side and consequently prevents the system from 
disturbing the advisory service [44]. Consequently, we identify “Write and Speak” (Table 2, Point 4) as a key 
theme for designing successful technology for service encounters. 
Additionally, advisors are free to choose which modules or functionalities to use – the choice remains 
implicit though: taking the pad with a piece of paper and writing on it launches the handwriting recognition 
feature, positioning a marked sheet in the middle of the table launches recognition of related gestures and 
adequate visualization, putting a token on the table launches the associated application. However, there is 
no requirement to take these steps in a prescribed order. This is central for the advisors’ feeling of control 
[58, 70]: since there is neither a visible process representation, nor a strict sequence to be followed, disturbing 
coercion effects could be prevented [45, 46]. At the same time, the system affords clear and noticeable signals 
for switching between the activities: the advisor can move one paper out and the next in to start a new point 
on her internal agenda. This gives the impression of a structured, ordered service to the client, even though 
the structure was not imposed in the system nor explicated in the design in any way. Similar approaches 
were popular in other mixed reality approaches including paper windows [38] and in many implementations 
of spatial AR [8] – space provides a natural structure or a way to order the action, which can be leveraged 
for the interaction. We identify “Structure” (2) as a design theme relevant for the design of systems for advi-
sory services.   
There is strong evidence that LivePaper supports increased understanding of financial matters. The opin-
ions collected from the advisees, assessment of information transparency and positive effects of LivePaper 
on the subscales from the Salesperson Listening instrument, provide solid evidence that the advisors’ actions 
were accountable [24, 25], i.e., the advisees could follow and understand advisors’ actions and link them to 
the topic of mortgage. There are two aspects that add to that connection and understanding: first, the visu-
alization of relevant matters, e.g., representation of numerical amounts on graphs and diagrams, is assessed 
as clear and appealing by the advisees; second, the dynamic adaptation of the visualizations allows the ad-
visees to understand the relationships between the numbers. This contributes to this feeling expressed by 
the clients that they simply could see things, which made the whole topic clearer to them – advisees report 
that based on the advisors’ actions with LivePaper, such as using the dial (“screw”), they could establish an 
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even more comprehensive picture of the mortgage and its components. This feedback confirms the potential 
of TUIs for illustrating causal or dependency links between abstract entities [52, 69], even beyond the edu-
cational context which was extensively studied before [13, 42, 51, 69]. Also, when summarizing the encoun-
ter, many advisors positioned all used tangibles and pieces of paper with their respective graphics in the 
middle of the table. Opinions from the advisees make clear that they liked this gesture, because it again 
created an overview and brought the information together. Given the promising results related to learning 
in advisory encounters based on sensory experience [34], we argue that employing tangible interaction in 
connection with dynamic graphics is essential for effective and transparent information transfer in an advi-
sory service, as expressed in the theme “Visualize” (1).  
Finally, tangibles formed in a playful manner were able to spark involvement. The advisees report on the 
pleasure that they experienced when the advisor investigated the location of ‘their’ future property and 
describe this as a very personal, engaging interaction. Accordingly, tangibles not only represent specific 
concepts, but also generate involvement [82] and attract collaborators’ focus [69]. Since involvement plays 
a central role in relationship building [56], advisors were in favor of using  tangibles to inspire discussion of 
personal topics. However, there are also clients who point out that this might be counterproductive or even 
deceitful, because it attracts client’s attention to an irrelevant matter while turning it away from the fact-
based conversation about finances. The collected data points towards the use of personally meaningful and 
sentimental elements in the design as a relevant theme, “Entice” (3).   
We do not have quantitative evidence for studying the links between the identified design themes and 
the effects of LivePaper on the client’s satisfaction with the service quality, client’s perception of the inter-
action, and client’s perception of information transparency. However, based on the literature used to derive 
the respective hypotheses in combination with the statements from the clients, we claim the following rela-
tionships. “Write and Speak” is related to the idea of supporting social conduct known from conventional 
services and widely shared as a social norm or ritual in advisory services also beyond the financial domain 
[20, 73, 77]. “Entice” is related to the advisor’s goal to impress the client and to present oneself as a likeable 
and trustworthy person [20]. It gave the advisors the chance to present themselves as interested in the prop-
erty and clients found this part of the conversation engaging. We claim that design decisions related to 
“Write and Speak” and “Entice” influenced the client’s perception of the interaction (H1) as expressed by IRQ 
and SL measures.  
The client’s perception of information transparency can be linked to visualization and handling of infor-
mation. “Visualize” is related to the potential of mixed-reality approaches to integrate dynamic visualization 
into material practices [48, 49, 52, 69, 74, 75] and to the previous approaches from the advisory service sup-
port domain showing the potential of collaborative technology for client education [33, 35]. “Structure” relies 
on the easy restructuring of the projected content in time and space aligned with the concepts proposed in 
the discourse on spatial AR [8, 38] and is related to the previous research on transparency supporting the 
role of structuring for perceived transparency [58]. This feature gave the advisor the chance to make struc-
ture more explicit and to signal the relationship between her actions and the visualizations. We claim that 
the design decision related to “Visualize” and “Structure” influenced the client’s perception of information 
transparency (H2).  
The client’s satisfaction with the overall service quality (H3) as measured with BSQ and YST has a more 
complex character. We claim that the improvements concerning overall service quality emerge as a conse-
quence of the combination of interpersonal and sentimental aspects, which reflect the interpersonal and 
marketing character of an advisory service [6, 65, 72], with the pragmatic aspects related to the regulations 
and guidelines driving an advisory service [41, 59, 60]. In other words, only because LivePaper’s was de-
signed in accordance with the themes listed above, it can be used to improve the overall client’s satisfaction 
with service quality.  
Overall, the strength of LivePaper resides not so much in introducing novel interaction paradigms, but 
in bringing together various concepts from mixed reality, combining them in a coherent manner oriented 
toward co-located collaboration, and adapting them to fit the advisory scenario based on previous research 
in this domain. Merging the mixed-reality modes with calm design generates a satisfactory experience: it 
allows for conducting an encounter oriented around the needs and expectations of a particular advisee and 
the individual practices of the advisors. Consequently, the design of LivePaper shows how combining chal-
lenges from a complex collaborative endeavor with solutions described for other domains and tested in the 
mixed reality domain can advance both fields.  
Whereas the contributions to advisory service supporting the domain of CSCW are very broad, the 
mixed-reality discourse also benefits from the current study. First, this paper outlines how precise study of 
real-world practices can inform the design of mixed-reality technologies. Accordingly, it instantiates the 
general attempts made by PPUI in a specific, complex, real-world scenario [74, 75]. Second, it paves the way 
for new, mixed-reality solutions to be considered for other service domains like insurance advice or citizen 
services. While there are other careful explorations for use of mixed-reality in organizational environments, 
the large majority of mixed-reality research focuses on collaboration between peers (e.g., team members) 
[48, 49], on single-user scenarios [38, 74, 75] or on playful and experimental environments [84]. Third, the 
paper provides clear evidence that mixed-reality solutions, even if unusual and new to advisory services, 
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have the potential to improve the business value of those services. Service providers should become aware 
of technology paradigms going beyond the standard desktop or tablet-based tools.  
5.2 Supporting advisory practices in service interaction 
The second source of LivePaper’s positive impact on advisory services lies in its practice orientation. Live-
Paper provides action offerings of either of two characters: First, the system affords practices and behaviors 
already existing in financial advisory services (e.g., positioning papers next to each other on the table for 
comparison). Second, it offers new behaviors aligned with the existing practices and extends them. Interest-
ingly, both advisors and advisees express the feeling that LivePaper supports their goals and advocates their 
interests. Advisors say it helps them make the right impression, and advisees see advantages of better and 
more transparent visualizations. In fact, previous literature claims transparency to be advisees’ key need 
when attending financial advisory services [41, 58], while making the intended impression was identified as 
the primary goal of the financial advisors [20].  
Enhancing both dimensions simultaneously requires particular sensitivity: Enhanced transparency might 
compromise the advisor’s efforts to make the right impression on the client, e.g., the impression that the 
advisor is truly interested in the client’s property while in fact she does not care much. Focusing on impres-
sion management might compromise transparency, e.g., when making the impression that the house is a 
valuable property to sell the mortgage while in fact it is a bad investment. We claim that only by acknowl-
edging the various rationales that shape advisory practices, will the constructed system provide the means 
to reach an equilibrium between the contrary motivations. If LivePaper’s design enforced completely new 
practices and ignored the old ones, it might generate insecurity with the advisor and lead to an ineffective 
moderation, yielding breaks in the conversation or the ineffective behaviors presented in previous research 
[44, 46]. In such a situation, the advisees tend to distrust the advisor [45, 46], which negatively impacts their 
overall perception of the service quality. However, if LivePaper’s design did not provide any opportunity to 
engage in new practices and simply mimicked the conventional setting, its value would be doubtful, leading 
to infrequent use [57]. 
It is essential to see practices as holistic concepts and embrace the reasons behind them. Whereas design-
ing for practices [67, 80] is often taken as designing for existing behaviors or designing for intended behaviors, 
thus approaching surface activities, we argue that the concept needs to be understood in terms of designing 
for rationales behind practices, especially in service encounters. This follows from the character of collabora-
tive practices as routinized behaviors [66] that implement institutional scripts and roles [27, 32, 76], as well 
as a person’s standing concerning more general public or political discourses [71]. If the actions afforded by 
the system are not aligned with those rationales, the usage causes dissonance and, hence, rejection of the 
system. Further, if the system supports solely the existing surface behaviors – the observable actions – it 
may also get refused if the user feels it complicates the situation, adds complexity, or the user simply feels 
she can conduct the action equally well without the system. The latter may be an actual problem during the 
appropriation phase, when it is quite natural that users stick to their routines and try to establish an under-
standing of the system in relation to their routines.  
Accordingly, the advisors emphasized the fact that LivePaper needs to fit their vision of an advisory 
service and their vision of the client. For instance, they acknowledged that streamlining the process with 
LivePaper was in line with their idea of how a service should be structured, but they also requested that 
spontaneous changes should be possible in a way so that client does not notice them, to preserve the right 
impression. This also includes the possibility of employing LivePaper only in specific episodes or starting 
with LivePaper and continuing with conventional advisory service, if preferred. LivePaper does not enforce 
a process – neither an abstract process postulated in literature [59] nor a process elicited through fieldwork, 
but provides the means for structuring the process with gestures for interacting with paper or tangibles that 
serve as activity shift markers. Consequently, the advisors can maintain the impression of an ordered and 
structured service, even if they need to improvise.  
The rationale of making the right impression becomes particularly relevant in advisory services and other 
institutional encounters in which the user of the system, mostly the advisor, is under pressure: she wants to 
conduct the service in a professional and swift manner, she does not want to lose face in front of the advisee, 
and she may not see an added value in using a system that mimics her behavior anyway [70]. LivePaper 
provides support for existing behaviors, like clear activity shifts through moving material, positioning offers 
parallel to each other, etc. [20], but also affords new behaviors aligned with the impression-management 
rationale of financial advisors, such as presenting oneself as an organized person [20] or binding the client 
in an engaged discussion for rapport building [19, 33]. Those behaviors also facilitate a more effective trans-
fer of knowledge to the advisee [34, 54, 58]. We claim that previous systems for financial advisory services 
encountered slow diffiusion because they relied on an incomplete notion of practices and ignored the con-
flicting rationales. Only if the system provides value to both the advisee and the advisor, is it likely to suc-
ceed.  
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6 CONCLUSION AND LIMITATIONS  
Concerning the first research question (RQ1: How does LivePaper impact the client’s perception of the service?), 
the current article provides evidence that LivePaper positively impacts the client’s perception of service 
quality in three relevant dimensions. In particular, the clients experience improvements concerning infor-
mation transparency, their interaction with the advisor, and overall satisfaction with service quality. This 
has implications for research and practice. The existing CSCW and IS discourse on supporting (financial) 
advisory services [33, 44, 46] receives an indication that collaborative technology can enhance the value of 
an encounter without generating disturbance or impacting the marketing value of an encounter. This finding 
has a direct link to practice: managers and advisors should revise their stance on collaborative systems in 
advisory services. Furthermore, mixed-reality discourse [8, 49, 74] receives a confirmation of its practicabil-
ity and positive reception from its users within a dynamic, real-world context. While there have been earlier 
reports on successful applications of mixed-reality technologies in collaboration [7, 49, 74], the application 
of mixed reality in realistic, interpersonal service interactions remains rare [7, 32]. This article outlines the 
potential of using mixed reality in services for research and practice.   
Concerning the second research question (RQ2: Which design elements of LivePaper are relevant to the 
perception of service quality?), the study identifies a range of design themes with relevance for the client’s 
perceptions. The four design themes refer to practices employed by the advisors when they engage in paper-
based services [20]. This adds to the existing CSCW and IS discourse on technology in advisory services by 
pointing to the importance of existing practices. This article calls for a deep embrace of existing practices or 
social rituals, as well as motivations behind them, as a basis for the development of technology for institu-
tional talk settings. The design activities should be oriented toward supporting and extending work practices 
rather than replacing them. This finding has implications for designers and developers of technology for the 
frontline: even though the transactional or processual aspects of a service encounter might dominate in their 
descriptions or formalizations, the social and material rituals are what those encounters are made of. Mixed 
reality offers a way to acknowledge the socio-material nature of human encounters, but simply “mimicking” 
users’ activities might be not enough. Only with a well-grounded understanding of what drives the user 
(e.g., intention to make the right impression), can the mixed-reality design provide adequate affordances. In 
particular, mixed-reality research tends to focus on the material aspect of collaboration but leaves out the 
impact on  social issues [7]. The identified design themes provide links between material conduct (paper 
handling, input, tokens) and social meaning (impression, activities or dialog flow).  
The results do not come without limitations. Clearly, the system still lacks many functionalities and flex-
ibilities necessary for application beyond the scenario of a first encounter about a mortgage. Therefore, 
extending the functionality and testing the system in other advisory encounters, within and outside the 
financial domain, would be necessary for generalizing purposes. Furthermore, a longitudinal field study, in 
which the advisors use the system in their daily work (as opposed to the design experiment we conducted), 
could provide further insights and confirm the value of LivePaper-supported advice in the real world.  
This further study could also strengthen the external validity of the evaluation. In fact, the system has 
been installed in three branches of the bank upon request from the advisors, and the first data on integration 
into day-to-day practice is being collected. The small n of test participants allows for observation of strong 
effects only where all subjects exhibit the same tendency. Enhancing the n and varying the scenario even 
further could confirm the observed effects, point to weaker ones, and provide further insights about the 
applicability of LivePaper in the envisioned domain. The presented experiment compares LivePaper treat-
ment with the conventional one, i.e., one that represents the status-quo in the MoBa. Comparing LivePaper 
against advisory services supported with other systems (be it the niche, off-the-shelf products or research 
prototypes) would necessarily produce more insightful results; however, market research and benchmarking 
was beyond the scope of this project. Overall, the limitations are typical for design-oriented research.      
In summary, the current study offers a major improvement concerning the support of advisory services 
in financial institutions and beyond. We claim that LivePaper can be used as a framework for further, focused 
applications addressing more specific challenges in the advisory scenario without the risk of disrupting the 
interpersonal relationship or making the encounter lack transparency, or simply be less satisfactory for the 
client. However, the frontline service scenario bears potential for further CSCW research: Artificial intelli-
gence is expected to change the way services are provided, yet the vision of a robot as a frontline employee 
is strange or inadequate for many clients. LivePaper offers a way to combine the potential of current-stage 
artificial intelligence (quick fact checking, generation of multiple scenarios and predictions) with a fully-
fledged interpersonal encounter. In an era of self-service and robo advisors, a premium frontline experience 
combining human-to-human and human-to-machine collaboration might be an important asset. However, 
it remains unclear how clients will perceive such hybrid encounters, how the roles should be distributed 
between human and non-human actors, and what rituals should be supported and how. We claim that in-
terpersonal services will not disappear, but their character will necessarily change and CSCW is predestined 
to go along with the transformation while attending to the effects on humans, the organization, and society.  
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